ABSTRACT Male mice were injected intraperitoneally with 125 ACi (1 Ci = 3.7 X 1010 becquerels) of [3H~thymidine at 1-hr intervals and killed 1 hr after the second injection. Testes were prepared for bright-field and electron microscopic autoradiography. Primary spermatocytes, identified by light microscopy to be at the premeiotic interphase stage, were found to be heavily labeled. Electron microscopic examination disclosed the coincidental occurrence of synaptonemal complexes and label within the nuclei of premeiotic interphase spermatocytes, indicating synapses of homologues had begun during the S phase. The significance of this finding for the traditional view of meiosis is discussed.
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In eukaryotes the synaptonemal complex (SC) is present during a restricted early portion of the first meiotic division and is usually shed from the bivalent when the repulsion phase sets in at diplonema. It is visualized in electron micrographs as a tripartite, ribbon-like structure, approximately 200 nm wide, which normally lies between synapsed homologues along their longitudinal axis. The function of the SC is not fully understood, although its position coaxial to each bivalent suggests that it serves to hold homologues in close register so as to facilitate the intimate pairing required for recombination (1) . Regardless of its role, its presence in the meiocyte of a diploid organism provides unequivocal evidence that homologues are synapsed.
The aspect that this study is concerned with is the time when the SC initially appears. According to the traditional model of meiosis (2) , its formation necessarily coincides with the zygotene stage of prophase, when homologous pairing is assumed to begin (1). There is considerable evidence to suggest, however, that synapsis may precede prophase and that the fine, leptonemal threads which become apparent at earliest prophase are already paired (ref. 3 ; for a review see ref. 4) . It this latter view is correct, the SC could serve as an ultrastructural marker of synapsis during premeiotic interphase. In fact, recent studies show that the SC is seen during the meiotic S phase in several organisms, including Drosophila (5, 6), wheat (7), and yeast (8) . The present work was undertaken to localize the time of its formation in still another genetically well-known organism. The mouse is favorable for such a study because successive stages of spermatogenesis are recognizable and have been clearly defined (9, 10 spermatocytes, type A1 spermatogonia, and steps 7, 8, and 16 spermatids. Pachytene spermatocytes and type As speimatogonia are found in all stages from 1 to 6. Second, the composition of the karyoplasm of the interphase spermatocyte has a characteristic appearance-homogeneous and somewhat granular, unlike the early leptotene nucleus which shows the beginning of chromosome condensation. Both contrast sharply with the highly condensed chromatin of the pachytene nucleus. Third, the interphase spermatocyte typically lies close to the basement membrane of the tubule, whereas the pachytene cell lies closer to the lumen. Fourth, the nuclear diameter of the interphase spermatocyte is less than that of the other premeiotic and meiotic germ-cell types present. Finally, if the premeiotic interphase spermatocyte is undergoing DNA synthesis, tracks representing incorporation of [3H]thymidine are often visible in the autoradiograph. pachytene nuclei with heavily condensed chromatin. Fig. 3A is a high magnification of a premeiotic interphase spermatocyte from Fig. 2A showing both label and a well-defined SC attached at one end to the nuclear membrane. Fig. SB is an EM autoradiograph of another spermatocyte at premeiotic interphase that contains SC and label within a homogeneous karyoplasm. An early leptotene nucleus with SC and label (Fig. 4) Genetics: Grell et al. suggests that the 2-hr interval between injection and killing is sufficient to permit interphase nuclei undergoing late DNA synthesis to progress into early leptonema as reported by Monesi (11 (14) identified the 30-hr S phase of the Drosophila pro-oocyte as zygo/pachynema because the SC is visible throughout. Peterson et al. (8) concluded that DNA synthesis (localized between 0 and 8-9 hr after transfer to sporulation medium) occurs during zygonema, pachynema, and as late as diplonema because the SC is detected within 2 hr of transfer. These interpretations are in marked contrast to the overwhelming evidence that DNA replication takes place predominantly during premeiotic interphase (15, 16) . The fallacy stems from the widespread assumption that the SC is restricted to and identifies zygo! pachynema.
The premeiotic stages of primary spermnatocytes in the mouse can be accurately identified by the criteria given above, and termination of DNA synthesis prior to meiotic prophase has been repeatedly demonstrated (11, 15 Drosophila (18) ; these studies have shown that the ability of the restrictive temperature to reduce exchange is again limited to the S phase and is identical tothe heat-sensitive period for increasing recombination in the normal genome. Similarly, commitment to meiotic recombination in Saccharomyces cerevisiae is reported to occur during premeiotic S phase, probably at its very early stages, and to fail to occur in the absence of premeiotic DNA replication (19) .
If the synapsis of homologues were not initiated until the zygo/pachytene stages of meiotic prophase, any model which proposes to couple recombination with replication would be faced with great difficulty; clearly, a cloie approximation of homologous regions is a prerequisite for the exchange of genetic material. The finding that homologues are paired throughout premeiotic S stage in four of the best-characterized genetic organisms dispels this difficulty and requires serious consideration of molecular models in which recombination is a concomitant feature of the replication process.
